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BACKGROUND OF THE INVENTION 

Field of Invention 

5 This invention relates to semiconductor manufacturing, and more particularly, to 

techniques for manipulating semiconductor wafers during fabrication and processing. 

Description of Related Art 

10 Modern semiconductor devices are typically created in large numbers on silicon 

wafers. A sequence of processes is performed on a wafer before it is sectioned into 
individual devices, which are then placed in packages with external leads or pins. 
Extreme precision is required in many stages of the manufacturing process, during which 
sll the wafers are generally handled by automated machinery. During critical processing 

pi 15 steps, such as etching and implantation, the semiconductor wafer is mounted in a chuck. 



as j 



11* As defined herein, a "chuck" is any device to securely retain a wafer during a 

0 semiconductor fabrication step or steps. When these processes have been completed, the 

f*\ wafer must be removed and physically transported to the next manufacturing stage. 

0) 

rii 

vO 20 Wafers start out as circular discs of ultra-pure silicon. During the initial stages of 



if ; 



manufacturing, the top surface of the wafer is subdivided into a matrix of small 
rectangular regions, each of which will become an individual integrated circuit. Then, 
after the many processing steps are completed, the wafer is sectioned along the 
boundaries of the matrix to separate the multiple integrated circuits on the wafer into 
25 "chips," or "dies." 

A chuck is necessary to hold and support the wafer during semiconductor 
processing, and to prevent it from moving or flexing. Various manufacturing processes 
subject the wafer to extremely harsh conditions, such as vacuum, high temperatures, 
30 reactive gases and the application of a plasma. Throughout these processes, it is critical 
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to maintain the position of the wafer. Originally, mechanical clamps were used to hold 
the wafer in the chuck during manufacturing. However, the periphery of the wafer, where 
it was retained by the clamps, could not be utilized. Furthermore, the use of clamps 
increases defects due to particles migrating from the clamps to the front side of the wafer. 
The clamps can also cause interactions between the areas of the wafer covered by the 
clamps at different layers, resulting in major defects in the wafer. Consequently, many 
semiconductor manufacturers have adopted the use of electrostatic chucks (ESCs), in 
which the attractive force between opposite electrical charges retains the wafer in the 
chuck. Fig. 1 illustrates the use of an ESC. 

The semiconductor wafer 10 is dimensioned to fit within a circular chuck surface 
12 on the top surface of the chuck 14. The chuck surface 12 can be made of an 
electrically-insulating material, and is typically equipped with holes 16 (or, sometimes, 
grooves) through which gas may be admitted to cool the wafer following a high 
temperature process. (Note that some processes run at higher temperatures, in which 
case, the gas and/or the chuck itself may be heated. In other processes, the wafer is 
cooled below room temperature for processing.) Lifter pins 18, which retract into the 
body of the chuck, are provided to raise and lower the wafer 10 onto the chuck surface 12 
of the chuck. Note that the ESC allows the entire top surface of the wafer to be utilized 
for semiconductor fabrication. 

Fig. 2 illustrates the principle of electrostatic adhesion in a mono-polar ESC. In 
this arrangement, the semiconductor wafer 10 is grounded, while the chuck surface 12 is 
connected to a DC voltage source 20. Within the chuck surface 12 is a single electrode 
22, creating a region of positive charge 24 within the chuck surface 12. The formation of 
a charged region is possible due to the fact that the chuck surface is essentially 
non-conductive. Therefore, it is capable of accumulating an electric charge and of 
supporting a voltage gradient (i.e., a voltage difference can exist between two different 
points within the chuck surface). The wafer 10 is also non-conductive, and since the 
voltage source is ground-referenced, an oppositely-charged region 26 forms in the wafer. 
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This establishes an attractive force between the wafer and the chuck surface, which binds 
the wafer in the chuck. 

An alternative to the mono-polar chuck is the bi-polar ESC, shown in Fig. 3. The 
5 physical relationship of the wafer 10 to the chuck surface 12 of the chuck is the same as 
in the mono-polar ESC shown in Fig. 2. In this case, however, a pair of voltage sources 
30a and 30b with opposite polarities are connected to two electrodes 32a and 32b. This 
arrangement creates separate positively charged 34a and negatively charged 34b regions 
within the chuck surface 12. The oppositely-charged regions within the chuck induce a 
10 complementary polarization within the wafer, forming a negatively-charged region 36a 
and positively-charged region 36b. As in the case of the mono-polar ESC, an electrostatic 
force attracts the wafer 10 to the chuck surface 12 of the chuck. 

A problem exists with present electrostatic chucks, however. At the point in the 
15 process of manufacturing a wafer, when the procedures requiring extreme temperatures 
and pressures have been concluded, it is necessary to remove the wafer from the chuck. 
Before this can be done, however, it is necessary to remove the charge holding the wafer 
to the chuck. This is accomplished by applying a charge of opposite polarity to neutralize 
the existing charge. Once the electrostatic attractive force has been eliminated, the lifter 
20 pins (item 18 in Fig. 1) can raise the wafer off the chuck surface of the chuck, allowing it 
to be removed (typically, by a robotic arm) from the processing equipment. 
Neutralization of the accumulated electrical charge on the chuck and wafer is typically 
accomplished by reversing the polarity of the voltage source(s) for a prescribed time 
interval. But because of variations in the electrical properties of the wafer and the chuck 
25 surface, the length of time required for the accumulated charge to be neutralized is 
inconsistent and unpredictable. 

Most semiconductor processing systems simply assign a fixed time for ESC 
charge neutralization. This is not a satisfactory solution, however. If the neutralization 
30 time is too short, a residual charge will remain to oppose removal of the wafer. If the 
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neutralization time is too long, a reverse electrical charge may be induced in the wafer 
and chuck, re-establishing the attractive force. In either case, the lifter pins may attempt 
to remove the wafer while it is still attracted to the chuck surface of the chuck. This can 
cause the wafer to be violently ejected from the chuck, disrupting the manufacturing 
5 process and possibly damaging the wafer. 



SUMMARY OF THE INVENTION 



The problems outlined above are addressed by a system and method for 
10 monitoring the force applied to a semiconductor wafer by the lifter pins in an electrostatic 
chuck (hereinafter "chuck"). When the lifter pins are engaged to remove the wafer from 
the chuck (following processing of the wafer during manufacturing), the amount of force 
being exerted on the wafer is sensed, and used to develop a feedback signal. Force 
u! feedback can be utilized by the lifter pin control mechanism to prevent the application of 



rij 15 excessive force against the wafer, and by the electrostatic control system to determine the 

Hi 

i„ point at which the charge attracting the wafer to the chuck has been completely 

Q neutralized. 



0 



A system is presented for retaining a silicon wafer in an electrostatic chuck during 



CO 

m 

20 processing, and subsequently releasing the wafer from the chuck. The chuck is equipped 



j,^ with lifter pins, which may be driven by a solenoid or a pressure-actuated piston. When it 

is necessary to remove the wafer from the chuck, a control system applies a moderate 
force to the lifter pins. The polarity of the voltage source used to impart the electric 
charge attracting the wafer to the chuck is then reversed, dissipating the attractive charge. 
25 While the charge diminishes, the electrostatic attractive force opposing the lifter pins is 
monitored, until it reaches a minimum value. When the minimum is attained, the voltage 
source is turned off and full force is applied to the lifter pins, raising the wafer off the 
chuck. 



30 
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Various techniques may be employed to estimate the residual electrostatic force 
needed to raise the wafer. In one embodiment, load cells directly measure the force 
opposing the lifter pins. In a second embodiment, the current to the solenoids driving the 
lifter pins is measured. Since the current in a solenoid is proportional to the force it 
exerts, the opposing electrostatic force can be indirectly measured in this manner. In a 
third embodiment, the lifter pins are driven by a hydraulic or pneumatic piston. In this 
case, the control system regulates the pressure to the piston to control the force applied by 
lifter pins. A pressure sensor in the hydraulic or pneumatic line to the piston measures 
the force applied by the lifter pins. In a fourth embodiment, an orifice at the interface 
between the wafer and the chuck surface of the chuck is connected to a sensing line. The 
presence or absence of pressure in the sensing line is used to indicate the point at which 
the moderate force exerted by the lifter pins is sufficient to overcome the remaining 
electrostatic attraction between the wafer and the chuck. 

A method is also presented for retaining a silicon wafer in an electrostatic chuck 
during processing, and subsequently releasing the wafer from the chuck. The method 
calls for reversing the polarity of the voltage source used to impart the attractive charge to 
the wafer and chuck, thus dissipating this charge and reducing the attractive force. The 
method further discloses exerting a moderate force against the wafer, by means of lifter 
pins within the chuck, while the reverse polarity voltage source is applied. According to 
the method, while the residual charge in the wafer and chuck decreases, the electrostatic 
attractive force is monitored until it reaches a minimum value. At this point, the charge 
has been completely neutralized, and the lifter pins are fully engaged to remove the wafer 
from the chuck. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Other objects and advantages of the invention will become apparent upon reading 
the following detailed description and upon reference to the accompanying drawings in 
which: 

Fig. 1 illustrates a typical electrostatic chuck (ESC) and semiconductor wafer; 

Fig. 2 is a schematic representation of a mono-polar ESC; 

Fig. 3 is a schematic representation of a bi-polar ESC; 

Fig. 4 illustrates a first embodiment of the system and method presented; 

Fig. 5 illustrates a second embodiment of the system and method presented; 

Fig. 6 illustrates a third embodiment of the system and method presented; and 

Fig. 7 illustrates a fourth embodiment of the system and method presented. 

While the invention is susceptible to various modifications and alternative forms, 
specific embodiments thereof are shown by way of example in the drawings and will 
herein be described in detail. It should be understood, however, that the drawings and 
detailed description thereto are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all modifications, equivalents and 
alternatives falling within the spirit and scope of the present invention as defined by the 
appended claims. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



A system and method are presented whereby substantially complete neutralization 
of an electnbal charge between a semiconductor wafer and an electrostatic chuck 

5 (hereinafter ichuck") may be achieved, by monitoring the attractive force between the 
wafer and the Vhuck. Present systems are based on a fixed estimate of the length of time 
required to neutralize the electric charge holding the wafer in the chuck. However, if this 
estimate is incorrect, complete neutralization may not occur. A substantial attractive 
force may then remain, making removal of the wafer problematic. If the attractive force 

10 is not completely neutralized before the lifter pins attempt to remove the wafer, the wafer 
may be suddenly ana violently ejected from the chuck surface. This can result in a major 
loss of tool time (the semiconductor fabrication system may be down for several hours), 
while a dropped or brqken wafer is retrieved, and the tool is cleaned and prepared for use 
again. Furthermore, defects in the wafer can also damage the tool or harm other wafers 

15 being processed. The loss of a wafer is very costly, since a broken or scrapped wafer may 
represent a substantial los\ in sales. A chipped wafer that breaks at a later stage in the 
manufacturing process (e.gV at the point where the wafer is sectioned into individual 
semiconductor chips) may result in even greater financial loss - since the farther down 
the process, the more valuablAthe wafers are. In such cases, it is also much harder to 

20 identify the root cause of the breakage. 

The system and method disclosed herein are believed to overcome such problems 
by monitoring the attractive force between the wafer and the chuck. The electrostatic 
charge between the wafer and the chuck is assumed to be completely neutralized when 
25 this force reaches a minimum value. Once the charge has been neutralized, the wafer may 
safely be removed through the use of lifter pins within the chuck. Advantageously, the 
ability to ascertain complete charge neutralization also allows optimizes wafer processing 
throughput, since it avoids a longer-than-necessary wait for full depletion the residual 
electrostatic charge on the chuck. 
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In a first embodiment of the system and method, shown in Fig. 4, 
electromechanical devices 40a and 40b (e.g., solenoids) are used to extend the lifter pins 
18a and 18b, which raise the wafer 10 off the chuck surface 12. Sensors 42a and 42b 
(e.g., load cells) generate a signal 44 proportional to the force exerted on them by the 

5 lifter pins. While the wafer is retained in the chuck, the sensors register the force exerted 
by the pins against the wafer. The proportional signal 44 may be relayed back to a control 
system 48, which modulates the current 46 to the electromechanical devices to limit the 
applied lifting force. The control system 48 also has the capability to program the voltage 
source(s) 80 used to induce and neutralize the electrostatic charge on the wafer and 

10 chuck. The magnitude and polarity of the voltage source 80 are programmed using a 
control interface 82. 

1 * When processing of the wafer is completed, the control system 48 initially applies 

\Q a reduced current to the solenoids 40a and 40b, causing lifter pins 18a and 18b to exert a 

f l j. 15 weak lifting force against the wafer 10. At the same time, a reverse polarity voltage is 
applied to the wafer and chuck by voltage source 80, to neutralize their electrostatic 

8 II 

O charge. As the reverse polarity voltage gradually neutralizes the charge, the attractive 

«* 

q force opposing the lifter pins diminishes. At some point, the force approaches a 

HI 

j predefined minimum value. The control system 48 then terminates the reverse polarity 

I 

v3 20 voltage, and applies full current to the lifter pins, causing them the raise the wafer off the 

'in 

^ chuck surface. The predefined minimum value can be programmed as that which is 

sensed on sensors 42. Once the predefined minimum value is sensed, the sensors 42 send 
an appropriate signal to control system 48. 

25 A second embodiment of the present system and method shown in Fig. 5, does not 

use load cells (or similar force sensors). Since the force applied by a solenoid is 
proportional to the solenoid current, the magnitude of the electrostatic force opposing the 
lifter pins may be determined without the use of a dedicated sensor, by simply monitoring 
the current 46 in the solenoids 40a and 40b. The procedure for removing a wafer is 

30 similar to that described above. A moderate current is supplied to the solenoids, causing 
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the lifter pins to exert a light force against the wafer. At the same time, the control 
system 48 programs 82 the voltage source 80 to apply a reverse polarity voltage 80 to 
neutralize the charge binding the wafer to the chuck. When the charge has been 
completely neutralized, the force opposing the pins reaches a minimum. This 
5 corresponds to a minimum value of solenoid current, which is sensed by the control 
system 48. When the minimum current is reached, the control system terminates the 
reverse polarity voltage and applies full current to the solenoids to lift the wafer off the 
chuck. 

A third embodiment of the present system and method is shown in Fig. 6. In this 
case, the lifter pins 18a and 18b are driven by pneumatic or hydraulic pressure-actuated 
pistons 60a and 60b, rather than solenoids or other electromechanical devices. The 
pistons are coupled to a pressure line 62, which is controlled by a control system 72. The 
control system 72 programs the voltage source 80 that charges the wafer and chuck, using 
a control interface 82. A pressure sensor 64 generates a signal 66 proportional to the 
pressure in line 62, which is proportional to the force exerted by lifter pins 18a and 18b 
against the wafer 10. As before, when the wafer is to be removed, the control system 
applies a low pressure in line 62, exerting a weak lifting force against the wafer. At the 
same time, a reverse polarity is applied by the voltage source 80 to neutralize the charge 
in the wafer and chuck and reduce the attractive force between them. When the signal 66 
received by the control system 72 from sensor 64 indicates that the line pressure has 
reached a minimum value, the neutralizing voltage is terminated and full pressure is 
applied to the lifter pins, raising the wafer off the chuck. 

25 A fourth embodiment of the present system and method, illustrated in Fig. 7, 

employs a small orifice 68 in the surface of the chuck 12 to monitor the pressure 
delivered against the wafer via a sensing line 70. In this embodiment, a pressure sensor 
74 (similar to 64) may be situated at a convenient location along the sensing line 70. 
Rather than measuring the pressure of the wafer on sensors or on the moveable pins, this 

30 sensor may simply indicate the presence or absence of pressure at the surface of the 
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chuck. A signal 76 generated by the sensor is provided to the control system 72. To 
remove the wafer, the control system applies a low pressure to the pistons 60a and 60b, 
resulting in a weak lifting force exerted against the wafer. At the same time, the control 
system 72 programs 82 the voltage source 80 to apply a reverse polarity voltage to the 
wafer and chuck, to dissipate the previously accumulated charge and gradually reduce the 
attractive force. As long as the residual electrostatic force exceeds the force exerted by 
the lifter pins, the wafer remains bound to the chuck surface of the chuck. In these 
circumstances, the orifice 68 is covered by the wafer 10, so there is pressure in sensing 
line 70. As the residual charge is neutralized however, the electrostatic attraction will 
eventually diminish until it is overcome by the weak force exerted by the lifter pins. At 
this point, the absence of pressure in sensing line 70 causes the sensor 74 to signal the 
control system. The control system then terminates the reverse polarity voltage and 
engages full pressure to the lifter pins, to raise the wafer off the chuck. 

It is believed that the system and method disclosed herein offer significant 
advantages for the use of an electrostatic chuck in semiconductor wafer processing. By 
precisely terminating the charge neutralization, it is possible to avoid excessive residual 
charge on the wafer and chuck. This prevents problems that can result when the wafer is 
abruptly dislocated from the chuck, as often occurs when lifter pins suddenly overcome a 
residual attractive force between the wafer and chuck. 

It will be appreciated by those skilled in the art having the benefit of this 
disclosure that this invention is believed to present a method for determining 
neutralization of the charge in a semiconductor wafer and electrostatic chuck. Further 
modifications and alternative embodiments of various aspects of the invention will be 
apparent to those skilled in the art in view of this description. Details described herein, 
such as the type of pressure sensor, are exemplary of a particular embodiment. It is 
intended that the following claims be interpreted to embrace all such modifications and 
changes and, accordingly, the specification and drawings are to be regarded in an 
illustrative rather than a restrictive sense. 
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